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Problems in connection with the introduction of methods of roducing 
losses due to stinking smut of wheab wore discussed at the annual extension 
conference of the American Fhytopathological Society which was held in 
Philadelphia on December 28, 1926 as a part of the winter program of the 
Society. Flant pathologists and agronomists from the United States and 
Canada and representatives of firms manufacturing copper cerbonate dust 
were present and participated in this meeting. 


Those who led discussions filed papers containing the gist of their 
talk with the writer who acted as chairman. In most instances men who 
were unable to attend sent in written statements end these were presented by 
other representatives from the State concerned. This willingness of those 
nterested in the conference to put their thoughts in writing has made it 
possible to bring togethor importent facts related to the control of stink- 
ing smut. 


stinking Smut in 1926 


By R. J. Haskell, Associate Pathologist in 
Charge of Flant Disease Survey, Bureau 
of Flant Industry, VU. §. Department of 

Agriculture 


In the western part of the United States, that is from the Great 
Flains area westward, and Roh Oat in the great Northwest where the 
form of bunt caused by Tilletia tritici exists and where soil infestation 
is an important. factor, buht is considered to be a very important, if not 
the most important, wheat disease. In the eastern United States, where 
the bunt is caused chiefly by Tilletia laevis and where soil infestation 
is not a factor, bunt has not usually been considered very important except 
in small local areas such as threshing rings where seed treatment has been 
neglected and where the disease has spread unchecked. In such areas, when 
bunt has become bad, farmers have ghanged or treated their seod and in 
that way have reduced or eliminated damage from the disoase. During the 
past two or three years, however, something has heppened to greatly in- 
crease the amount of bunt in the east and to cause it to spread from the 
local areas more or less generally over entire States. 


Let us examine the Flant Disease Survey loss estimates that have 


accumulated during the pest eight egal In 1°22 bunt of wheat was appar- 
ently at a rather low ebb. The average reduction in yield for the country, 


according to the loss estimates, was ae about one-half of one per cent, 
which was the smallest loss that has been estimated since figures have 
been obtained. The next year, howerer, the loss increased to 1.27 ver 

cent and in 1924 it was more than double, reaching 2.72 per cent. In 1925 
there was a reduction in the amount of bunt in the large producing sections 
of the northwest, but this was offset to a considerable extent by a con- 
tinued increase in the soft red winter wheat areas of the east and in the 
hard red winter wheat areas of Kansas and Colorado, all of which resulted 
in the total loss for the country dropping a fraction of a per cent to 
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2.3 per cent. The prevalence of the disease in the east thet yeer seemed 
to be correlated with unusually cool weather at the time winter wheat was 
germinating. The season that has just passed has shown still greater 
injvries especially in the hard and soft red winter wheat areas as well as 
in parts of the Northwest and California. When all of the estimates for 
1926 have been received, it is probable that the total reduction in yield 
for the country on account of bunt will be the largest on record. This 
increase in the amount of difsseec.hne all been in spite of the control cam- 
paigns for seed treatment with copper carbonate that have been waged in 
many States. It must be remembered, however, that if these campaigns had 
not been conducted, the losses would have been fargreater than they 
actually were. The weather conditions during the past two seasons have 
been especially favorable for bunt infection and this, accompanied by a 
widespread occurrence of inoculum, has resulted in this wave of bunt on the 
crest of which we now scem ta be riding. 


The loss estimates for this year have as yet been received fron only 
slightly more than half of the States. Many of these States ere in the 
South where the bunt problem is not importent. The reductions in yteld, 
without considering the losses on account of dockage as reported to date, 
are ag follows: Montana, 10 per cent; Kansas, 9 per cent; Colorado, 8 per 
cent; Pennsylvania, Nebraska and Idaho, 6 per cent; Virginia and Arizona, 
5 per cent; North Carolina, Indiana, and Michigan, 4 per cent; Delaware,’ 
oo per cent; Maryland and Oregon, 3 per cent; North Dekota, 2 per cent; 
New York, Illinois, Iowa, Missouri, Montana and Washington, Minnesota, 
Texas, Oklahoma and Arkansas, less than 1 per cent; Connecticut and Wis- 
consin, none. 


The maxi num percentage of infection in any one field reached very 
high percentages in some cases. In North Carolina one field was reported 
as so badly infested that the wheat was unfit for milling and its velue 
for stock feed questionable. The maximum percentages of losses reported 
from individual fields were as follows: Nebraska, Kansas and Montana, 

80 per cent; Fennsylvenia and Virginia, 75 per cent; Maryland, Arizona 
and North Dakota, 50 per cent; California, 48.5 per cent; Iowa, 40 per 
cent; Colorado, 35 per cent; Delaware, 33 per cent; New York, 30 per cent; 
Indiana, 25 per cent; Missouri and Minnesota, 15 per cent. 


All States reporting so far have rated the disease as more important 
this year than last, with the exception of Delaware, West Virginia, I11li- 
nois, Missouri, Wisconsin, Minnesota, North Dekota, Colorado, and Washing- 
ton, which reported the same or a less amowmt, and ell States have reported 
more than the everage year except West Virginia, Illinois, Missouri, 
Minnesota, North Dakota and Weshington. 
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Field Surveys 


Three States, Fennsylvania, Maryland and Virginia, reported on 
actual field surveys that have been made and which have furnished a part 
of the basis for their loss estimates. In Fennsylvania a survey of 178 
fields in 19 counties showed 6.25 per cent of the heads emutted. In 
Virginia 51 fields examined averaged 5.2 per cent infection; while in 
Maryland a survey of 685 fields revealed 1.5 per cent. ine the, Latover 
State 307 of the fields, or 45 per cent, were free from the disease; 195 
showed a trace; 84 contained from 0.1 to 0.9 per cent; and 99 had 1 per 
cent or more. 


Other Special Reports 


Doctor Kirby has sent in a very striking graph showing reduction 
in yield on account of bunt in Pennsylvania annually since 1916. It shows 
an increase in amount of the disease since 1922 but especially since 1924. 
in 1925 the loss jumped from less than 1 per cent to 3 per cent, and in 
1926 it doubled to 6 per cent. 


In Nebraska, extension agronomists prepared a map in which the 
State was divided into three nearly equal parts by parallel north and south 
lines. In the eastern third of the State they estimate less than 1 per cent 
bunt; in the central part 3-5 per cent; and in the western portion from 
5-80 per cent. The total estimate of loss for the State is placed at 
$3,000,000 which is equivalent to about 6 per cent. 


In Colorado, bunt infection was reduced about one-half from 13 per 
cent in 1925 to 7 per cent in 1926. Apparently this was largely due to 
the extensive seed-treatment campaign conducted in the fall of 1925 and 
the spring of 1926. It is estimated that some 8,000 farmers were reached 
and that roughly 500,000 acres, or between one-half and one-third of the 
acreage, were planted with treated wheat. 


Questionnaires to Grain Dealers 


In two States, Illinois and Missouri, an idea of the distribution 
and abundance of bunt, as well as loss from dockage, was obtained by send- 
ing Questionnaires to grain dealers. In Illinois, Doctor Tehon of the 
State Natural History Survey sent out 1,500 circular letters to members 
of the Illinois Grain Dealers Association asking for (1) the total number 
of bushels of wheat purchased, (2) the number of bushels of smutty wheat, 
and (3) the dockage applied to the smutty wheat. In summarizing the 
results, Tehon says: 


"Among the 207 replies there were 150 spccific answers to the 
questions asked. <A summary of them shows en actual money loss, 
either to growers or dealers, of $22,625.28 - this being the 
total dockage on 303,256 bushels of smutted wheat, an average 
of 7.4 cents per bushel. There were, however, 68,453 bushels 
of lightly smutted wheat which had no dockage -- thus bringing 
the total amount of infected grain to $71,709 bushels. Since 
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the marketing of 4,795,699 bushels was reported, smutty wheat 
constituted 7.7 per cent, and that on which dockage was epplied 
6.3 per cent." 


A similar quostionneire was sent to dealers in Missouri by W. A. 
Archer and a summary of that work showed that a total of 3,830,900 
bushels of wheat were purchased by those who replied, and that of them, 
40,866 bushels, or 0.8 per cent, were smutty. A dockage of 9.1 
cents per bushel or $2,834 was applied to this wheat. If all Missouri 
wheat was smutted in the same proportion, the hypothetical loss because 
of dockage for the State would be only about $14,509 or .05 per cent of 
the value of the crop. Figuring in the same way, the loss for Illinois 
would be about $181,000, or 0.7 per cent of the value of the crop. 


#rom these figures it would appeer that bunt was not a very import- 
ant factor in these two States, especially in Missouri where less then 1 
per cent of the wheat delivered was smutty, and where the percentage loss 
from dockage was only .06 per cent of the value of the State's crop. 


York for Le27 


It is important to obtain each year as much information as we can 
on the prevalence and losses from bunt. eed-treatment demonstrations 
should be based on survey. The two should go hand in hand in order that 
we may learn our results and effectively plan our control work. Extension 
pathologists in each State should spend some time eadh year on survey. 

It appears to me that the field-to-field surveys where a large number of 
representative ficlds are examined is perhaps the most usefnl, but this 
should be supplemented by inspection of threshed grain, questionnaires to 
dealers, consultation with federal grain inspectors, examination of mar- 
ket quotations end the like. In these weys we will be able to determine 
more closely what the various situations are and how to attack our pro- 
blems to better advantage. 
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Market Studies 
At this point F. C. Meier, Extension Flent Fathologist, U. §. Depart- 

® ment of Agriculture, called attention to recent studies of grain inspection 
records which he had made in cooperation with E. G. Boerner of the Bureau 
of Agricultural Economics, U. §. Department of Agriculture. This analysis 
of the inspection records of the Office of Federal Grain Supervision, con- 
firms the results of field studies as outlined by Dr. Haskell. Figures 
showing the percentage of wheat receipts grading smutty were obtained from 
144 markets for the pericd 1923 to October 1926. The following give some 
idea of the results secured: 


(Less than 1 per cent not marked) 
July-October 


1923-1924 1924-1925 1925-1926 1926 

ie Gh ne One Z 4 
BeLoria, Oregon ..). :< be. 69. 32. On 
Bozeman, Mont. ..... 12s Lo. per 20. 
Denver, Colorado ... 21. 20% oO. coe 
Des Moines, Iowa... -- a on Oo. 
DSUTOUL A MICi« valves, -- 1028 bee 
Dileth oe Minn. .... . =< oF Bea ais 
Indianapolis, Inds. !. 3 6 -- 6.8 
Kansas City, Kan. Nea K Li. Ae 20. 
Kearney, Nebraska ... 4.. OO « D4. ett 
Lawrenceburg, Ind*... 6¢. hae 38. 40 
Lincoln, Nebraska ... -- Lc. moe 3l. 
Los Angeles, Cal. ... 20. ee « ites 16. 
BOWULEV Che aro lee 3 5. as -- 4. 
UPC VEEN (sis ole dh ores 13.8 Kuk 3 eos ols 
Oklahoma City, Okla. ae 1; -- fee 
Omaha, Nebraska ...... 14.2 Bone 39. 44. 
BU beGe Loni a Fees ws 85s ee 10. g 
POCuLAnO es OTELON? ¢.9-0e% 45. 60. BOwe 42 
pecramento, Cal. c.0.. Ge g. =a -— 
Seattle, Washington.. 35. 2 AGB 28 
OCG spel a we gs pts 26. ip Be 5 18 
Tacoma, Washington .. 42. O4. 30 ue. 
Toledo, Ohio ie 3. ra ah 
BalLcermore, Mas ae van ys Ate Oso yn, DE Ee 


With a view to determining the extent of losses resulting from dis- 
counts at the city markets, a study was made of car-lot sales in Kansas 
City. This brought out the fact that curing 1926 smat discounts caused 
losses.at that point as follows: 


° 


Re Va a ens ta ate ‘oie airs ce > $99, 600 
STS hatate vil chivelpat the 122, 700 
September .-..66.5, Oo) Le 
OGRODCU My a Caan ais 20,787 


*High proportion of hard red winter wheat from western states. 
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The apparent decrease in loss during September and October is, of 
course. due to the fact that less wheat was handled in these months. 
The important point is the relation which these losses bear to all car- 
loads of wheat handled during this period. It was found that these 
smut discounts were costing over $10.00 per car for all wheat handled. 


R. 5. Kirby, Extension Flant Patholgist end Assistant Professor of 
Flant Fathology, Fennsylvania State College, attributed the tremendous 
increase in damage done in that State to change in date of planting which 
has come about during the past five years. According to Dr. Kirby, 
efforts to avoid Hessian fly have led to late planting which has favored 
the increase of smut. 


L. BE. Melchers, Head of the Department of Botany and Plent Fathology, 
Kansas State Agricultural College, stated: 

"One thing is very definite with us in this connection, that is 

that wheat is being planted later very generally over the State anda 
ditference of two weeks or so as far as soil is concerned is a very 

vital factor for smut infection. I am satisfied that in many cases 
the late planting of infested seed has generally spread a great deal 
of smut that would not have taken place if that same seed could have 
been planted sooner. Soil temperatures and moisture are more likely 
to be favorable for infection when the crop-is sown late." 


H. @, Gussow, Dominion Botanist, Ottawa, Canada, pointed out that in 
certain sections of Canada wheat smut was on the increase and that this 
development seens to be directly associated with soil temperatures. 
Referring to 1926 he said: 


"We had an extraordinary cool spring and smt was more apparent. 


It is possible that weather conditigqns had something to do with the 
increase of smt." 


ne 


myehy 
[ay te) ¥ 


ba 
1 O1P 


Se 
Ae ' 
Wan 


A 

¥ q y f 7 ot ets 
Bt bor " Te o phe 
Weal eh Rit ; a 4 aS . , PAE Le 
LR tes 9) a vy ONT ee Ae cd) 
ih Le i t 7 ; 


i tt 4 Ey) ‘ ot He TEMA 7 
pS eco ad SUT ie NS a ae ee | i | 
At. ¥ fa SAY. De Pion V3 oy ‘ A) ‘ hoa y Woe 


‘ 
*%) 
¥ 

f 


an 
NE 


A i » A. 
1 eid OR ke 
e AS eh ots 


Rt beh ‘i ae”? 
yee ee 


I 
co 
i 


Smut As It Affects the United States Grain Standards 


By J. H. Shollenberger, Milling & Baking Labore- 
tory, Grain Division, Bureau of Agricultural 
Economics, U. S. Department of Agricultur 


The United States wheat standards provide that smutty wheat shall 
be all wheat which has an unmistakable odor of smut, or which contains 
spores, balls, or portions of balls of smut in excess of a quantity equal 
to two balls of average size in 50 grams of wheat. 


Two different methods are provided for designating such wheat smutty. 
By the one method the word "smutty" is addec to and made a part of the 
grade designation, and by the other method the loss in weight caused by the 
removal of the emut from the wheat as ascertained by the use of a labora- 
tory smut-scouring machine or by washing is assessed in terms of percentage 
against the sample as "smut dockage." The percentage of smut dockege so 
determined is stated in terms of whole per centum and half per centum. 
The percentage of smut dockage is added to the grade designation preceding 
the statement of ordinary or weed-seed dockage, if any. 


The first method mentioned of grading smutty wheat is used east of 
the Rocky Mountains and the second or "smut dockage" method is used in the 
Rocky Mountain and Pacific Coast regions of the United States. 


That the presence of smut affects the milling and baking qualities 
of wheat is an undisputed fact. Unless the smut is removed from the wheat 
before milling, the odor and color of the flour will be seriously affected. 
To remove the smut from’the wheat so that a reesonabdly good flour may be 
made, it is necessary either to give it special scouring treatment or to 
wash it. If the wheat is very smutty, the washing method ig the only one 
that will satisfactorily remove the smut. Wheet washers are costly and are 
expensive to operate. Approximately eight gallons of water are required 
to wash a bushel of wheat. This is a relatigely large quantity of water, 
agd its disposal ofton presents a very serious problem. Because of the 
quantity, filthiness and foul odor of the water coming from wheat washers, 
the health authorities in some sections of the country will not permit it 
to be run into nearby streams or into the public sewers. Under such cir- 
cumstances, it is necessary to construct and operate a private sewage - 
disposal plant in connection with the washer. This adds to the cost of 
the cleaning and to that extent further depreciatag’the value of smutty 
wheat. 


Few mills east of the Rocky Mountains are equipped with these wash- 
ing machines, consequently the market for smutty wheat in this region is 
somewhat limited. Mills that are not equippec with the special scourers 
or washers for removing smut can not use smutty wheat unless it is only . 
mildly affected with smut, and then only in very limited quantities. Whé€re 
smut removing equipment is not available, the farmer generally has con- 
siderable trouble in disposing of his smutty wheat. However, in the 
Facific Coast. region, where smut is more prevalent and where practically 
all of.the mills and terminal elevators are equipped with machinery for 
removing smut, the farmer finds very little difficulty in disposing of his 
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smutty wheat, providing he is willing to sell at the prevailing discounts 
for such wheat. In the Central West, due to the increased amount of smitty 
wheat during the past few years, many of the larger teruinel elevetors have 
installed washers for removing srmti This has materially benefited the 
farmer of that region by facilitating the marketing of his smutty wheat, 
and, no doubt, too, has made possible a higher price for such wheat. 


In the process of renoving the smut, the wheat is subjected to a 
rather severe abrasive action which results in the breaking up of some of 
the kernels and the peeling off of some of the branny coating of the ker- 
nels. This material, along with other fine material that may be present, 
is removed with the smut. Due to the presence of the smut in this material, 
it can not be ground and run into feed, as is customary with screening re- 
moved from wheat which is not smutty. Such material represents a direct 
loss to the miller and along with the extra expense involved in the clean- 
ing of such wheat is given consideration in determining the commercial and 
milling value of smutty wheat in comparison with wheat that is not smutty. 


O. F. Fhillips, Chairman of the Board of Review, of Federal Grain 
Supervision, in a recent review of the outstanding grading problems of the 
last seven years, mentions smut as one of the four factors which are increas- 
ing and recurrent each year. In this connection, he cites an increase in 
smitty wheat in both the spring and hard winter wheat territories and states 
that the cost of this factor, together with three others he names, is 


annually costing the producers of grain millions of dollars. 


The problem of correctly grading smutty wheab is oftentimes a very 
difficult one. Where smut is present in considerable quantity, there is no 
difficulty in recognizing that fact; but when it is present in small quanti- 
ties, it then may be difficult to determine whether or not it is smutty 
within the meaning of the standards. FParticuharly is this true if the wheat 
has been "doctored" or reconditioned for the purpose of putting it outside 
the ban of the smutty grade designation. Some of the practices or methods 
used for this purpose merely cover up or distribute the smut spores through- 
out the wheat so thoroughty that it is adfficult to measure the amount 
present. Also, the methods which aim to remove the smt may sometime fall 
short of expectations or change the condition of the grain to the extent 
that a grading problem of another kind is created. Mixing sound wheat con- 
taining no smut with natural smutty wheat or with treated wheat which had 
formerly been smutty is also one of the sources of a lot of inspection 
aciel. 
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Data presented in the acoompanying table compiled for the period from 
1918 to 1920 from more than 75,000 supervised car receipt inspections show a 
considerable variation in the prevalence of smut among the varicusclasses 
of wheat as produced East and West of the Rocky Mountains for the crop 
years given. West cf the Rockies smit was far more prevelent than east of 
the Rockies. With respect to class, smut was most prevalent Hest of the 
Rockies in the hard red winter wheat class and west of the Rockies in the 
soft red winter and white wheat classes. The proportion of the class thus 
affected for these crops ranged from zero per cent up to 42.3 per cent. 


Percentage of Car-receipt Inspections of the Various Wheat 
Classes Grading as Smutty Wheat 
(Based on data from more than 75,000 supervised car-receipt 
inspections) 


Crop iia _ CLASS WEEN Raliea G oon ROT RSME 
Region Year Hard Rea Durham Hard Red Soft Red White 
peg hn oat: OS Winter _ Winter 
Per Cent Per Cent Per Cent Per Cent Per Cent 

Inspections east 1918 13.6 he 8.8 OL L292 
of Rocky Moun- 139 oe. 0 wea | 4.6 ase, 
aS BI Cli NALA, Mapes 1920 28 3.4 14, 0 1.8 oe 
Inspections west 1918 4 ene 34.5 sai 
of Rocky Moun- 1919 3 14.7 41.8 43.2 
DL ae i a Acs ote ric 1920 4 16.2 pert ba.8 


In a report of EB. N. Bates of the Grain Division, Bureau of Agricultur- 
al Economics, in regard to smut on wheat as shown by Oregon State Grain 
inspection records for receipts of wheat at Portland and Astoria he shows 
that smut was assessed against 26.9 per cent of all the wheat receipt in- 
spections of the 1920 crop, 41.5 per cent of those of the 1921 crop, 46.5 
per cent of those of the 1922 crop, 46.0 per cent of those of the 1923 crop 
and 62.0 per cent of those of the 1924 crop. This would indicate an alarm- 
ing increase in the amount of smitty wheat in that region. Other data 
presented by the same person snows there was an even greater increase, in 
that for this period, the number of inspections against which smut dockage 
in excess of .5 per cent was assessed, increased at an even greater rate. 
In other words, smut not only became more prevalent throughout the region 
served by these inspection points but also the quantity of it in the wheat 
incSeased as well. 
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By W. Hi: Tisdale, formerly Pathologist, Office 
of Cereal Crops and Diseases, Bureau of Plant 
Industry, U. S. Department of Agriculture 


Stinking smut occurs wherever wheat is grown throughout the world. 
Two species of Tilletia cause the disease. Both species, T. tritici and Tf. 
Laevis occur in the United States., Tf. tritici is confined in this country 
mainly to the Pecific Coast States and the two tiers of Northern States from 
Michigan west to the Rocky Mountains. T. laevis occurs throughout the 


country but much more abundantly east of the Rocky Mountains. 


Stinking smut may be spread in many ways. The spores are carried on 
seed from smutty crops. The threshing ring and the combine serve to spread 
the disease. Wind dissemination is a very important factor, especially 
in the Pacific Coast States where soil infestation is abundant. There are 
many other ways by which the diseese may be spread. 


In recent years stinxing smut has become increasingly more destructive 
in this country. <A number of theories have been advanced regarding the 
possible cause af this increase in the amount of stinking smut. A decrease 
in the amount of seed treatment resulting from the low smut infection follcw- 
ing the smut control campaign in 1918 to 1919 is probably responsible for 
some of the increase. The rapid decline in the price of wheat following 
the war, no doubt, caused considerable loss of interest in the wheat crop 
which might have resulted in less seed treatment. The entomologists in some 
states are recommending late sowing of winter whest to avoic Hessinen Fly injury. 
This late sowing favors smut infection, due to the lower temperatures. 
Maximum infection takes place at temperatures between 5 and 15 degrees 
Centigrade. Tisdale, Leighty and Boerner, working on the theory that T. 
tritici mignt have become spread throughout the Hast and that it might be 
responsible for the recent smut epidemics in that region, made a survey 
east of the Rocky Mountains in 1925 and found (un;ublished . dats) thet.this 
species had not spread eastward from the area reported by Dr. Haskell to be 
infested in 1918. This does not preclude the possibility that one or 
more strains of T. laevis of highly pathogenic nature now occur in the 
East. Of the samples collected in the survey, @._tritici was found inmne 
except durum wheat or durum mixtures. Where both species occurred in a 
sample, both durum and common wheats were present. In examining the samples 
considerable differences in the shape and appearance of spores of T. laevis 
were noted in different samples, and at times in different smut balls within 
the same sample. The spores of T. tritici varied from very echinulate to 
almost smooth. In fact the two species seemed to merge or overlap in this 
respect. This morphological variation may or may not be correlated with 
any physiological variations that may exist within the species. 
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A Reviow of Sone of the More Important Contributions to Our Knowledge 
of Bunt 


By H. B. Humphrey, Senior Fathologist, Office of 
Cerecl Crops ond Dieceses, Eureau of Flant 
Industry, U. S. Depertment ‘of Agriculture 


In the prepafation of this paper, embodying as it does a summary of 
the results of recent research on the bunt problems, I must confess to 
having been unable to cover adequately the entire field as represented by 
the many publications that have issued from the laboratories of this and 
other countries during the past four years. Being unable to read either 
Russian, Japaneses, Czechc-Slovekian, Hungarian or Folish, papers appearing 
in these languages uneccompanicd by surmaries in those languages with which 
I am familiar have not ines incluced in this summery. 


Even @ casual review of the literature cf the past few yeers will 
convince any investigator of the fact that e tremendous amount of time and 
labor has been devoted to the investigations of the relative merits of man 
alleged and reel fungicides. Quite recently considerable impetus hes been 
given to this type of investigation by virtue of the fact that a number of 
promising mercurial fungicides have been discover eq, tne preventive effective- 
ness of which surpasses that of such standard fungicides as formaldehjde, 
copper sulphate and corrosive sublimate. It is to be noted here, however, 

that up to the present moment virtually ell of these more Weocnele recom 
monded mercurial fungicides are yet too expensive to influence those who 

comprise the buying public. The work of Mackie and Briggs and otheSs in 
demonstrating the practical value of copper carbonate as a fungicide has 
done much to establish its worth as a bunt preventive, and to extend the 
popularity and secure the general adoption cf the copper-carbonate-dust 
method of seed treatment for the prevention of this well-known disease of 
wheat. ‘The -ollowing is a summary of some of the nore important contribu- 
tions to our knowledge of bunt and rethods for its control that have 
appeared during the period 1923 to 1926, inclusive. 


Hungerford, 1922, conducted some field-plot and greenhouse experiments 
on the relation of soil moisture and soil temperature to bunt infection in 
wheat. He found, under the conditions of his aed that relatively 
low soil temperatures, combinec with a fairly hizh percentage of soil 
moisture, are conducive t9 stinking smut een (48 degrees to 54 
degrees Fehrenheit and 22 per cent zoisture). 


it 


oa in sone experiments conducted at Gottingen, in 1922 to 192%, 
to determine the comoined effect of temperature and moisture on the incidence 
of bunt in ear varieties of wheat, obtained results confirming those of 
Woolman and Hunphroy, 1923. His interpretation of the influence of soil 
moisture on the developmen 1t cf bunt, however, fails to take into account 
the importance of soil aeration. He states: "It might have been assumed 
that a high soil moisture content would increese the percentage of infection 


by promoting profuse mycelial development, but such was not the C28C scot Bro ter 
incidence of disease was lowest in the very moist soil. This doubtless / 
germination of the grain to an extent which materially curtails the suscepti- 
bility period." He fails to point out that this lowest incidence of bunt 

may have been due to inadequate aeration. 
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Hoald and Boyle, 1923, state that seed treatment of such a resis- 
tent variety es Marquis is inadvisable when spring-whceat seeding is 
practiced, and that it now seems probable that ewen susceptible veriet 
may be spring-sown without disinfection, if macroscopically clean, with 
the assurance that the resulting percentage of smut will be very low. 


Furd-Karrer, 1925, in her investigation of the possible relation 
of cell-sap acidity to varietal resistance of wheat to Tilletie tritici, 
found that relatively low values for the immune Martin and the very sus- 
ceptible Little Club varieties do not confirm Kirchner's statement that 
high titratable acidity of the juide of the wheat plant is directly and 
causally related to resistance to the bunt organisn. 


geines, in 1923, reports the results of studies conducted by him 
on the gonetics of bunt resistance in wheat. He found that the most sus- 
ceptible wheats, when sovm under maximum infection conditions at Fullman, 
Washington, produced an average of approximately 80 por cent of bented 
heeds. He found further that the varieties Fortyfold, Red Russian, and 
Marquis have differing Gilute resistances which reduce the amount of bunt 
by 10 to 25 per cent when these varieties ere grown under maxinum infection 
conditions. Descendants of crosses betwcen those three varieties gave a 
cumulative resistance haYang a value or 30 to 60 per cent. The varieties 
Turkey, #lorence and Alaska were found capable of reducing the amount of 
bunt 70 to 75 per cent whon compared with standerd susceptible varieties. 
These concentrated resistances also were fouttd to be cumilative in effect 
when brought together by crossing. Some of the resulting progeny segre- 
gated for immunity. 


Tisdale, et el., during the period 1918 to 1924, inclusive, con- 
ducted extensive cooperative studies in California, Oregon, and Washington, 
on the reletive resistance of wheat to bunt. Seed of one or more strains 
of virtually all commercial varicties of wheat grown in the United Stetes 
inoculated with spores of Tilletia tritici and sown in nurseries at 
, Moro and Pullman. Of the four commercial classes of common wheat, 


a 
t 
° 
Ss 


a class were the most susceptible. One variety of white wheet proved 
virtually immune from bunt. Only two common wheats, Hussar and Martin, 
remained immunc throughout these experiments. Ridit,a hybric between 
Turkey and Florence, produced by Gaines of Fullman,: has since become a val- 


? 
vuable commercial wheat. 
Results obtained by Stakmen, Lambert, and Flor (1924), in their 
investigation ef varietal resistance of spring wheats to Tilletia laevis, in 
the main confirm those reported by Tisdale, et al. for TI. tritici. They 


e 
found also that the vulgare wheats are to be classed as bunt-susceptible 
while the dicoccum and monococcwa groups are resistant. 


Briggs, reporting in the Journal of Agriculturel Research for MOY ohare 
15, 1926, on his studies of the inheritance of resistance to Tilletia tritici, 
that the varieties Hard Feceration, White Feceration, and Baart produced 
from 50 to 95 per cent of bunt infection throughout the five years of his 
investigation. During the same period Martin and Hussar remained immune. 
Immunity as manifested by Martin and Hussar was completely dominant. 
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Dobson, 1926, reported the results of experiments conducted by him 
on the toxicity of spores of Tilletia tritici, concludes thet even when 
the spores of this smut ere administered to anivals in large doses, they 
produce no harmful effect on the health of animals. He states that from 
the point of view of the practical stock feeder, it ray be s 
accepted that grain infected with bunt may be fod without in 
animals. 


In 1922-1923, Gassner reported the results of carefully conducted 
laboratory studies mace by him in order to deternine the relative merits 


of formaldehyde, Uspulun an Germisan applied as @ solution. Wheet, 

heavily inoculated with bunt spores, was ee in solutions of the 

three above-naned fungicides in another set of expe sbeebs lite Tots 

of bunted seed were sori be of dipped. Following is a table. 
envag 


summarizing the results in percentage of bunted plants for each treatment: 


Duration With or without Por cent of smutted 

Formaldehyde weshing lanes 

0.95 Lie. With Lees 

0.05 iP Gaksi Without 0.0 

O.1 BON ab ae With 10.4 

Ons Namen Without 0.0 
Germisan 

D...05 HRs gy" With EAN RS 

OOo RAD at Without wee) 

ek AY oh ai With 3.4 

EM aN at ae Without 0.0 
Uspulnun 

Oe Les With 685 

0.05 SRY seal Without eo 

Opa sAPEalkage With 0.0 

Grae Det, without QO. 
Water control paris. With 2504 
Water control oa sh ir without Load 
formaldehyde svrey 

0.05 Lae 

Oe 1 0.9 
Germisan spray 

O.05 9.0 

Soe ea 
Usrulun spray ne 

Gees) 24:6 

Oot ey 
Water(control ) 21.0 

Maquenne, 1924, discussing the recommendations of Vermcorel for 

the treatment or seed wheat with copper ecetate, or cop:er sulphate followed 
by lime, states that corner suirghate followed by lime favors, especially 
seed germination and the ultimate productivity of the wheat. The con- 


centrations of coprer sulphate used by Meccan he found to be too strong. 


(Vermorel, 1924, recommended a 5-minute treatment in a solution of 1 yer 
cent age acetate ) Maquenne further EARN out that any A oicaek of 
copper adhering to the grain after treatment is neutralized by the soil, 


ovon ee the latter may contain no carbonato of lime. 
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Samson and Davies, in experiments conducted by Ban i Wales, 
in 1925, employed as fungici aes denydrated co¢per sulphate, copper car- 


bonate containing about 50 yer cent of copper, Uspvlunr, ee and 
formaldehyde 1:320 and 1:480. Formaldehyde proved less effective than 
the better grades of copper carbonate. Control of bunt was accompanied 
by an improved stand and increased yield, the latter amounting in three 
instances to more than 100 per cent. 


Briggs, 1925, reporting results of his investigation of the relative 
merits of more than 30 dust and liquid fungicides covering a period of 
four years, found the dust treatments ~referable to liquid treatments 
chiefly because of their greater ease and convenience of applicetion and 
less likelihood of seed injury. Of the 2@ dusts employed, copper car- 
bonate was, all points considered, the most satisfactory. 


Neil, 1926, of New Zealand, conducted field experiments with dust 
fungicides including Uspulun, Semesan, copper carbonate, Corona 640. He 
compaded them with bluestone, Germisan, and formaldehyde solutions and 
found that formaldehyde and Sar eatin gave best results. 


Nazel, 1925, a German investigator, reporting on the effects of 
high temperatures during and after the treatment of seed with various dis- 
infectants found that when spores of Tilletia tritici were immersed for one 
hour in solutions of varying strength of acetone-mercuric chloride, copper 
chloride, Segetan-neu, and Uspulun at temperatures of 18 degrees, 25 de- 
erees, 30 degrees, 40 degrees, 45 degrees, and 48 degrees Centigrade. high 
temperatures (45 degrees - 48 desrees) coupled with adequate dosage of 
fungicides might prove injurious to the seed. The copper salts proved 
most injurious. 


| 


isdale, Taylor, Leukel and Griffiths, in November, 1925, reported 
the results of preliminary experiments involving the use of several of the 
more recently recommended smut fungicides. Among the most promising were 
the following mercury compounds - Chlorophol, Corono No. 620, Germisan, 
semesan anc Uspulun. Some of these disinfectants improved the germi ination 
of machine-threshed seed taken from uniform lots of pure varieties. In 
many instances the yield was increased. In some cases, however, the in- 
crease in yield was more than could be acgounted for bieoues seed treatment 
alone. Copper-carbonate dust gave the most satisfactory control of tun 


Antonov, experimenting in Russia with a dust mixture of calcium 
carbonate and copper sulphate compared with formaldehyde, found that this 
dust combination controlled bunt amd increased the yield. 
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Resistant Nene ee of Wheat as a Means of Reducing Losses Ive to 


‘Stinking | ‘Smut 


By mH. F. Gaines, Cerealist, Department of 
Farm Crops, Washington State College 
and Experiment Station 
(NOT PRESENT ) 


For the past twenty years the farmers in the winter wheat districts 
of the Pacific Northwest have been losing from one to five million dollars 
annually due to the ravages of stinking smut (Tilletia tritici, (Bjerk.) 
Wint.). Seed treatment does not control bunt in fall sown wheat in this 
area, because the fallow land becomes covered with wind—borne spores dur- 
ing the harvest season, which infect the young wheat plants even though 
the best known methods of seed treatment have been used. 


Sometimes more than nalf of the heads are bunted. The wheat which 
is thresned from such a field is difficult to market, and a smut dockage 
oi from 10 to 20 cents per bushel is not uncommon. During threshing the 
ary simut dust may explode, setting fire to the machinery, strawstack, 
grain and surrounding fields. Hundreds of threshing machines and thou- 
sands of bushels of grain nave been destroyed in this manner. Additional 
losses occur from sowing very early or very late as a means of avoiding 
infection. This practice may give a smut-free crop, but usually results 
in a smaller yield. Labor costs are higher if the seeding is done dur- 
ing the harvest season, and unfavorable weather conditions may make late 
seeding difficult. 

For many years it has been a common observation among farmers that 
some varieties of wheat are more resistunt to stinking smut than others. 
There have been many arguments as to whether more money could be made by 
growing the susceptible but prolific club wheats or the resistant but 
weak-strawed Turkey. 


During the last ten years, the State experiment stations have 
taken up seriously the problem of developing or discovering satisfactory 
resistant varieties thut would solve the smut oroblem. The Washington, 
Oregon, California and Idaho experiment stations have tested hundreds of 
varieties under conditions favoring muximum infection. The majority 
have been hopelessly susceptible, but there have beon a:few that have 
remained entirely free from bunt, while many have been intermediate in 
respect to resistance. 


Resistant forms have most often been found in the hard red wheats, 
but buntless varieties of white wheats are «also now well established. At 
the Washington Agricultural Experiment Station, four varieties have been 
immune in all tests since their first introduction. They may be named and 
briefly described as follows; 


1. Mertin (C.I. 4463A) is «a soft, white, winter wheat grown since 
1917 at Pullman. The original plant selection was collected by C. R. Ball 
at Aberdeen, Idaho, in 1916. This plant was taller and later than its 
mates. It probably also carried the factors for immunity, for all of its 
Gescendants heve been bunt-free. 
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Except for its weak straw and late maturity, it would be « desirable va- 
riety for commercial production. The yield is equal to that of the more 
commonly grown winter wheats, and the grain is low in protein and water 
absorption, making it a good pastry flour when milled. The original Mar- 
tin from which this strain was selected is quite susceptible to bunt. 


2. Hussar (0.1. 4843) is a pure line, originating from a selection 
mde by C. E. Leighty at the Illinois Station and distributed to the west- 
ern Stations about ten years ago for the United States Department of Agri- 
culture. Its immunity from bunt was observed et the Sherman County Brench 
Station at Moro, Oregon, in 1919, and corroborated at the stations in Celi- 
fornia end Washington the following year. In more then 50 tests since thet 
time, it hes remained bunt-less. It is s& semi-hard, red, beanded wheat, 
Similer to Turkey, but an inferior yielder and rather low in milling value. 
It his been used rather extensively as a parent in crosses with the more 
prolific susceptible varictiss. 


5. Sherman (C.I. 4430), a resistant strein of Turkey selected at 
Moro, Oregon, has shown slight infections in the Oregon experiments, but 
as remiincd bunt-free in all the inoculation experiments in Washington. 


4. A strain of Baart was isolated in 1924 at the Washington Str- 
tion which hes remained buntless in 1925 and 1926. This plant appeared 
aS a mutation in uw row of susceptible Baart, the only difference between 
it and the parent strain being its immunity from bunt, 


some of the more resistant varieties have been crossed at Pulimen, 
Washington, and hybrid segregates more resistant, as well os morc suscecp- 
tible than either parent have been isolated, indicating that immunity is 
due to the cumulative effect of multiple factors. 


In 1916 a cross was made between Turkey and Florence. Both par- 
ents usually show from = trace to 10 per cent, of bunted heads when inocu- 
lated seéd is sown.’ They sre classificd as resistant, however, beceuse 
under similar conditions such checks as Hybrid 128 and Pacific Bluestem 
produce as much as 80 to 95 per cent. Evidently the resistance of Tur- 
key is caused by a different set of factors than that of Florence, for 
transgressive inheritance occurred, a number of bunt-free segregates cs 
well as others very susceptible sppearing. One of these segregates, 
Ridit by name, is rapidly becoming of commercial importance. It has 
been immune from bunt in the inoculation tests the past five years. In 
1921 one plant showed « fcw smut balls on the side of one spike. Five 
other ‘spikes on the same plant were bunt-free. he yield has averaged 
4,8 per cent below Hybrid 128, the most commonly grown wheat of the 
northwest. By the fall of 1923, enough seed of Ridit was obtained to 
sow 28 acres on the College Farm, in addition to distributing pound 
packages to 167 farmers for trical in various conmunitics. In 1925 and 
1926 the Farm Crops Division of the Washington Agricultural Experiment 
Station distributed each year about 1,000 bushels of pure sced of this 
variety to farmers who were willing to take pains to keep it pure and 
increase it for their neighbors. 
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The unususlly large cmount of bunt occurring in the winter wheat 
in 1926 made the farmers more anxious than ever to get « srmt—proof va- 
riety. The 200,000 to 300,000 acres sown to Ridit this fall indicates 
how repidly it is replacing the old susceptible varieties. In fact, it 
is too rupid a shift from the sturndpoint of keeping the markot balance 
between hard red and soft white wheat. Ridit is a fine looking herd red 
wheat and has taken many prizes at the local and State fairs in 1925 and 
Tadeo 


To offset this tendency, the Oregon Station at Moro has begun to 
increase White Odess« (C.I. 4655), a soft, white wheat that hes produced 
high yields, is drouth-resistant and has bcen bunt-frec in most of the 
inoculation experiments. 


The Washington Station has also started to increase a white wheat, 
which is a segregate from a cross between White Odessa and Hybrid 128 
made in 1920.) Albit, as this new variety is called, is a compactum-like 
Hybrid 128 but has the immunity from bunt of White Odessa. It yields 8 
per cent more than Hybrid 128, but in milling quolity, stiffness of straw, 
etc., is much like it. In the fall of 1926, 50 acres of Albit were sown 
on the College Farm and pound packets of seed distributed to 220 farmers 
for testing in various sections of the State. Altogether it is the most 
promising wheat that has been released to farmers, ond within the next 
ten years should go far towcrd solving the smut problem in the Pacific 
Northwest. It is likely that others will be developed in the meantime - 
better suited to particular localities and conditions. 


Wheat is grown from sea level to over 4,000 feet elevation and 
under rainfall varying from 8 to 100 inches, as well as under irrigation, 
in this Nortnwest territory, and it is too much to expect that a single 
variety would be adapted to all these varying conditions. The station 
workers in these States are continuslly testing new varieties and develop- 
ing new hybrids, and bunt resistance is one of the varictal charecteris- 
tics that is being insisted upon. 


To illustrate the progress that is being made in this direction, the 
resistance tests at the Washington Agricultural Experiment Station at Pull- 
man in 1926 may be given. Of 281 varictics and hybrid selections tested 
under conditions favoring maximum infection, 116 showed no trace of bunt, 
and 62 of these exhibited immunity under similar conditions in 1925 and 
1924. The season of 1926 was especially favorable for bunt, as 36 of the 
susceptible varicties growing along side of these immune types produced 
above, 70 per cent of bunted heads. Several of the hybrid selections 
showed a high degree of resistance, but were infected to some extent, 38 
producing from & trace to 6 per cent. The remaining 91 varied in suscep- 
tibility, making a continuous series between the very resistant and very 
susceptible types. 


The immune hybrids with but 9 exceptions came from crosses in which 
Hussar, Martin or White Odessa contributed the resistance, as shown in 
table 1. 
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Table’ 1. Distribution of vericties and hybrids according to + 


heir suscepti- 


the 


bility to ount, (7 Hilleti:« tritici (Bjerk,) Wint.). The size of 
clisses inere:.sos ee an err am a .l progression of 2, thus emphna- 
Sizing sm:.1l differe: in tic more resistint segregates. 


ee me ee Ae eee cen mer mer meerreencen deer Seis Sow che sen 
Z FR Se NE ee Rents AFR Oe HO ET HARE AD. Os Gabe s me mena pns Se weem anes pes Lesmeeer 


aoe fee ene tae eee Wee St Caen Cliss in per cont « of bunt 
NAME . 5 = Bo ee ee oe Dh se spate, Niobe dds Shc sche A 
Hyer ar Bre bl IS PNP been yond ‘ 31. : 43. On te for eed | eh Mae 
fh ee) : to : tos vA) H to . to : $0 i GD : to : Gio) , Rows 
eC ga he SDS he es OO ARs 66 +. 92.2190: 100: Mastedu.. 
Winter r Wocet 
OSE TES Se GC er aire ae am To LES May Foe 
F Sel.C X Wh.Oduessa 2 H * eS 
Win 2426. ¥-Sel.c ae kee 12 
Weavyorsa 128 x Wh, f 
Odessa js, 15 
Pypek. CX ane 20 2 rays 
Roesarak Wn. 242% 15. 1 16 
" Florence x Hussar 2 2 
F Hybrid 128 X Martin 25 1 1 (probably mixture} 27 
"Sy -ortin Deni ait fi 1 a 9 
" Martin X Triplet 2 2 
mw Hussar X Hybrid 128- 5 5 
" Hussar X Aegilops : 
fons l ] vs 
" furkey X Rosen Rye Pe clhy Me aa Ul OO Ue Bice iii. dada eee 
TOTAL 106 23 6 a aes 6 5 a io wn ih 203 
Per Cent DOemNd Lee ew ee et oe 2 yre eelh Gs ae 65 4 8.4 100.1 
Spring Wheat 
Variety test 2 1 3 } Pe 8 2 19 8 -- a! 
F Marquis X Turkey 5 5 
y cart X Florence Lee etl 3 
Florence X Marquis a 1 4 o 3 2 14 
" Polish X Merquis nc at OG aes heen Re ERR ONS Sa URE Es LOU PAG 5 
TOTAL 8 ra 7 8 8 8 10 9 10 8 O 78 
Per Cent ais Oe ALO Or Lies Lutes bee Orble Last Luecue 200s 
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sil selections. beyond the sixth generetion wore listed as verietics. Thus the 

. AD aa hybrids (Ridit, Selection 6, end two other unnamed segregates)’ . 

9. : the ec} Pe generation from the original cross wore included in the veriety 
i t of winter wheats, 


These figures cre very different from those obtcined ten yoars ago, when 
the first bunt immune breed whent wes discovered. Similar work is in p PEER ee 
in Oregon ond Culifornia, and literally hundreds of immune hybrids sre being 
tested for yield, milling quelity, stiffness of straw, nonshcttcring ond other 
chaructcristics of economic importsnce. Some of the more promising selections 
ere being incrensed for distribution. Alre:ndy 15 per cent of the total acreage 
in Washington as well as 2 considerable acreage in Idcho and Oregon, is sown to 
immune varieties. Within the next 10’ years the bunt evil of the Northwest 
should be well under control through the development end introduction of the best 
of these immune hybrids. 


: The pathologists who h:.ve been working with stem rust will wonder why 
+ © a) 
some physiologic form of bunt has not appenred to spoil this dream. The reply 
: is, there has been « form found that will attack Martin, Hussar, White Odessa, 


ind, to a very slight extent, Ridit. This strain ceme from ie coatrenwite of 
Halle, Germany. Seed of eight American wheets and four German whects were in- 
oculated with this German bunt and duplicate sects inoculated with locel Ameri- 
an bunt. The two lots of seed were sown October 30, 1925 in parallel rows. 


ey 


c 
The results ere snown in.table 2. 


Table 2. A comparison of German and American Bunt in Respect to 
Infecting power on eight local Northwest wheats ait Four 
Wheats From Halle-Salle, Germany 


: Source of Inoculum 
Variety Source of Sced $ 
: America Germony 
a rm ¥ nf er eh sf cf 

Pporid Vee yo oe Vruliman, Washington 92% bunt 98% bunt 
Py BE GOW face cate did eri gta tae 6 uM i. vo N 84 a 
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{ iSaoalar . « e ° e ° ° e . uy ne @) MY nh ul 
POON Con ey sane elloniie: sh i Wy ai Ls 
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® Hohenheimer (Behaart) alle-Salle, Germany 36 " u " 
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Without exception, the Germeon bunt proved more virulent on the American 
wheats but less sae cap on the German wheats. This scoms to be the first cleer- 
PoP Cus Hot Mut vapeciclization.! bua at will mov bewnrorising to find other. 
forms in the various EEE SOCcuLuUnson tame world, It isi rather remark- 


éble that this German strein hus not become estublished in the United States, cea 
ae ea La 3 PTY EN ey f ra eae - x ~ Pa 1 7 oy ara a aa 
unere are many German settlements, especially in the pean ae and these settle 


G 
uove no doubt brought with them seed whet from Germany. There is good reason sey 
believe that it has not been estcblished here, for ee tiene Hussar, White Ocessa 
ang Ridit have been sent to about every stetion at home and abroad wnere stink- 
ing smut is a problem, and all reports received thus far show them to be immune 
except at Halle-Sellée, Germany. The ene of introducing such a strain in the 
horchwest is so arent. that the plants were pulled quite green, cried in sacks 
uné@ burnec. On account of this cs Ingo a the tests will probably not be re t 
at the Washington Station. 


C. E. leighty, Agronomist in Charge of Eastern Wheat Investigations, Of- 
tiger ot CUsrenl Crops und Disesses, Buren of Plant Incustry,U. &. Lepertrent 
of Agriculture, Ciscussec wheat breeding work, reviewing tae experiments’ on re- 
Sistunce concucted at Tavis, Calif., NOE, ee Ae ene. Cape Washes, the re= 
sults of which ere contained in U. S. Department af Agriculture Bulletin No. 
Peer Vriscale: WF. ake et al. Relative Resistance of whent to bunt in the Pe- 
Pile eaocust Oveteo. UsvSo)D, Aca). eos sit-o0, 1925): also. the work of 
Geines (Gaines, a. YP. fhe inheritance. of resiste mes to bunt or stinking smut 
of wheat. Jour. Amer. Soc. Agron. 12:124-132, 1920; snd Genetics of bunt re- 


~4 
sistance in wheat. Jour. Agr. Res. 23: 445-479, 3 pl.1923); and that of Briggs 
(Briggs, F. N. Inheritance of resistance to bunt Tilletia tritici (Bjerk), Win- 
Cer Nth Wheat, JOU. her. hes. see, 9lo—g70. 1926). “In conclusion he ste«tec: 


7 


"The plant breecer hrs open to him the mcthocs of selection 
ena hybricivetion. Selection has been effective in isolating resis- 
tent anc immune strains which have served onc will continue to serve 
as parents in crosses by means of which the gooc qualities of suscenp- 
“ible wheats will be combined with tue resiéstant quolities. As work 
on the bunt problem progresses, coubtless mumerous other resistant 
plentvs will be founc in commercial wheats. These will provice re- 

Sistent varieties tnd will furnish accitional material for hybriciza- 
tiie . Lo, therotore, Snpecre entirely reasoncble to precict, in: the 
not distan t tia the control of stinking smut by means of resis- 
tent varieties." » 


B. C. Stakman, Plint Pathologist, ‘Minnesota State Agricultural College 
ana Bxperiment Station, enlled attention to the fact that tue plant preecer enc 
lent pathologist nmst work together, on this problem of resistence... It was his 
Opinion that wnen one ch: wiges Vi ricties of wheat there is Crnger of tracing 
treunles.,' Bunt fromthe ciffercnt parts of the Unitec States end cifferent 
Porverot woe worlc| is Cifierent. It may be cifficult to combine resistence for 
ol hy 
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hffectivene 6s of Copper Carbonate in Controlling Wy Stinking Smut of Wheat 


Sen ee eae ee re 


eee ee oe 1 a ee ame 


By H. A. Rodenhiser, Assistant Plant Pathologist, 
Minnesota State Agricultural College and Ex- 
periment Station (Mot present ~ represented 
by E. C. Stakeman) 


In recent years copper carbonate has rapidiy replaced the use of cop- 
per sulphate and formaldehyde for the control of stinking smut of wheat. The ef- 
fectiveness of this dust in controlling stinking smut of wheat has been clearly 
indicated by a number of investigators. 


At University Parm,°St. Paul, for a period of four years, copper car- 
bonate has reduced the Hae of stinking smut of wheat to an average of ap- 
proximately one per cent as compared with an average of 31 per cent of smut in 
the untreated plots. In 1926, 1.9 per cent of smut developed in the plots 
treated with a 20 per cent nOnbee carbonate dust as compared with an average of 
635.5 per cent in the untreated plots. 


Results comparable with these have been published from 15 different 
stations in the United States and Canada for the years 1922, 1923, and 192 
(E. B. Lambert, H. A. Rodenhiser, and H. H. Flor - Crop protection Institute 
Paper}. It was found that copper carbonate dust reduced the amount of bunt to 
léss than two per cent, except in two trials. At Pullman, Washington, 5.9 per 
cent developed in 1925, and at Brandon, Manitoba, 7.3 per cent was:reported in 
1924. In most tests, however, the bunt was almost cntirely climinated. 


It should be pointed out here that the effectiveness of the dust a 
controlling stinking smut depends to a considsrable extent on two factors: (1) 
That the dust be applied in amounts not legs than two ounces per bushel, is ( 
That every seed bo completely covered with a fine layer of the dust. Should + 

grain be treated with an excessive amount of dust, however, the secd would not 
be. injured. 


2) 
he 


Formaldehyde has always practically eliminated stinking smut of wheat 
where soil infestation is not a problem. However, by usce-of this fungicide, 
losses through seed injury are sometimes greater than those they prevent by con- 
trolling the smut. This is especially true where wheat is sown in dry soil. 
Copper carbonate does not injure the secd. By a comparison of the data sum 
marized in Table One it will be noted that, under Minnesota conditions, in sever- 
al instances. the yiclds were increased eter seca was treated with copper car- 
bonate dust. Furthermore, it will be noted that where the secd was treated with 
formaldehyde the yiclds were reduced. (See Table I) 
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Table I. Corparison of Yields of Untreated Wheat with Those 
Obtained from Wheat Treated with Formalidchyde and 
Copper Carbouste 
3 :; For= ; Copper =. «= :Dirference in Yicld:bify dn Yield 
smalde=; car-: Un- +: over untreated :Cop.Carbonate 
station : Year ; hyde ; bon-:treated:formaide=: Copper: ove 
ae : 2 tela she ; hyde :Carbonate:Formaldchyde 
a. hi} f Pe ro) ' Bir4 i Oe |e t > i 5 ; 
Due real, Wi V1 . 192 ry 20.9 4 REE i PASS, ; ~6.5 ~ Bae A Viale 
eos Foul, Minn. : 1924 ; 24,76. 34.0 Sate ENE Oly OA oe? : Deg 
Crookston, Minn.: 1922: 17,4 + 22.2 : 20.5 Sa ae : tOALe : 4,5 
CrOOKstOnN, Mirm.: 1925 ; 946 + 13.22 13.7 A oat age Pitta 9 ; 506 
Morris, Minn. Subd ee Sued eNO Be dh, aye oO A 3 aoe) : bed 
forris, Mirn. ¢ 192k 316.95: 22.55: 22.63 2. -5.7 A faork Ee : 5A 
Waseca, Minn. Silat ee NILE ity ik ieee ND Ey te i ant : eae) : 0.7 
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Ref. Crop Protection Institute reports for respective years. 


In the results of the Cooperative Cscreal Sced Drentmuent Project of the Crop Pro- 
tection Institute, the plots from copper corbonate-treated secd yiclded more tha; 
the checks in /)7 ae the 24 experiments ond less than the checks in seven experi- 
monts. ‘The Pocein oneae plots yicldcd more than the checks in nine experiments 
less the chcexs in 14 experiments, and in onc case the vield was identical, For 
the past three years the writers have treated whect ct the rate of five ounces 
of copper carbonate per bushel (5, 15, 20 and 62 per cent copper equivalent), 
and then sown the secd in rod rows to which had boen added about oneph. 1d an 
Qqunce of the dust to the row. No. seed injury has ever becn noted in these tests. 


Micekie and Briggs reported that cay dilution of the pure copper car- 
bonate rcduces the cffect of the dust. Within limits, this docs not appear to 
be true, at least in the Hard Red Spring Wheat region where soil infestation ig 
not a problem. At University Ferm, St. Foul, the writers have tested various 
dilutions of the pure dust (in the per cents noted Rbove) and found the '20 per 
cont equivalent dust to be just as effective as the 52 per cent ecuiralent dust. 
Copper carbonate dust having 2 copper equivslent of less,then 20 per cent was 
found lispracticable. This is naturally of importunce to the farmers, since the 
20 per cent dust may be purchased for approximately 20 cents less thon the 
price paid for the 52 per eent copper carbonate dust. 


acOy 


In addition to the above, copper carbonate treatment has other advan-~ 
tages; since it is a dry treatment, it does not wet ‘the seed, and it can be ap- 
plied at any time before gowing. It eliminates the danger of freezing wet grain, 
of heating, sprouting, molding, makes it unnecessary to set the drill to make 
allowance for the swealing caused by liquid treatment, and it enables the farmer 
to treat his seed whenever he has time. For spring-growm grain, this is an ad- 
vantage as the treatment can be made during the winter when the farmers are not 
particularly busy. It also enables the farmers to buy and use dusting machines. 
cooperatively, as the period during which treatments can be made is long. 


Copper carbonate has many advantages, but it has also a few limita 
tions. Although good machines are on the market at a reasonable cost, farmers 
often make the mistake of trying to mix the dust with the wheat by hand or in 
homemade devices which do not keep the dust from escaping into the air. Conse- 
quently, a considerable amount of the dust will be inhaled, and, although the 
dust is not rankly poisonous, it has a nauseating effect on the one who is 
treating the grain. 


The cuestion of the effect of copper carbonate on the cups and bear- 
ings of the grain drill has arisen. Farmers and drill manufacturers heve re- 
portcd that the dust acts ag an emery, on the bearings, grinding ond evening all 
parts that it comes in contact with. At University Farm, St. Paul, wheat was 
treated with 20 per cent copper carbonate dust at the rate of three ounces per 
bushel, and a quantity of the grain sufficient to sow 508 acres was run through 
a new Superior single-run force-feed drill. At the end of the run, the drill 
was given a careful examination and from all appearance was in first-class cor- 
dition. No wear was apparent, and, while there was a slight coating of the 
coppcr carbonate over the cups and bearings, this did not seem to aifect the 
free and easy operation of all moving parts. However, when grain was treated 
at the same rate with 52 per cent copper carbonate and a sufficient quantity 
had been run through the drill to sow 479 acres, the small drive sprocket and 
two gear hangers were broken and both drive shafts were twisted. 
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Dr. Stakeman, discussing the work done by Mr. Rodenhiser, called atten- 
tion to the effect of copper carbonate on cups and bearings of grain Aviv.) ae 
made it plain that experience in Mimmesota indicated thet damage usually resulted 
only when coarse and gritty dusts were used. Dr. Kirby stated that, while great— 
eet damace in else) carae resulted from dusts containing a high percentage of 
copper, injury was also experienced when the lower grade materials were u Sed « 


M. W. Gardner, of Purdue University, at this point, in the absence of 
CG. T. Gregory, Extension Plant Pathologist, Purdue University, presented the fol- 
lowing paper: 


Weiil Injury Due to Copper Carbonate 


ES A NEN OG | A TET ES 


By C. T. Gregory, Extension Plant Pa uthologist 
Purdue University Agricultural Experiment 


Station 


Extensive experimcnts with the copper carbonate treatment have never rem 
vealed injury to wheat seed in the form of impaired germination or reduced yield 
duc to other causes. Our experience in Indiana further verifies this fact, but 
nevertheless a rather peculiar and dangerous difficulty has been experienced: dur=- 
wes the past two years, the breaking of drills while secding coppér—carboneteée= 
rceated wheat. 


As has been previously reported in 1924, seven farmers in Howard and 
Bartholomew Gowities x reported the breaking of drills while sowing wheat treated 
with copper carbonate. In 1925, similar difficulties were reported from five 
counties and a close observation was made of two cases in Tippecanoe County. 


During the carly part of October, 1925, Paul Ford, a farmer in Ta ppe- 
canoe County, broke the small bevel gear which crives the force~fecd shaft. As- 
cording to his own statement, he made two rounds on a 20—acre field on Saturday 

aftcrnoon whon he was stopped by the rain. He left the drill in the Pichia . pins 
covered it with a tarpaulin until lionday morning when he resumed the planting. 
We had not drivon 30 feed whon the gear broke, and lator he found that it was 
impossible to turn the gears without first working the drive wheel back and 
forth. By carcful manipulation he finally loosened the feed discs so that they 
could be moved. The treated wheat was all rumoved, the broken gear replaced and 
the wheul turned until all the free copper carbonate was removed from the ma- 
chine. After ruming the treated secd through a fanning mill to remove all the 
excess copper carbonate, no further difficulty wos expcrienced. 

Ford found that the excess copper carbonate from the wheat had packed 
tightly around the force-fecd discs. It is notcworthy that during the time that 
the drill remained in the ficld there was considerable rains This fact eppears 
to be important since our experiments indicate that this trouble is associated 
with moisture. It is evident too that on excessive amount of copper carbonate 
4g ligblc to be detrimental since the cxcess cannot be retained on the surface 
of the seed and will lodge in the sced cups of the Qriii.e However, Pordused 


only about two cna one~half ounces of copper carbonate per bushel. 
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D. A. Baker, another Tippecanoe County fermer, succecded in planting 
20 acres of trested wheat, but discovered when he put the drill away that the 
shart which drives the force-feed wheels had been twisted. The machine uscd is 
an old=fashioned type in which the power ig transmitted to the feed-wheel shaft 
at one end rather than in the ccnter.’ The torsion of the shaft began at the 
center of the drill and grew gradually greater until at the point where the 
powcr was applied it was twisted two and one-half times. 


This injury has always been associated with but one type of drill. 

The so-called “internal or double rum grain feed" is the only type in which in- 
jury has been observed in Indiana. The comparatively broad surface of the feed 
wheel and its close adjustment to the feed cup is apparently the explanation of 
the excessive friction which develops from the copper carbonate. One of the in- 
dications that this injury is from friction is te the fluted. fecd" drills are 
not, so far ay igs known, ever broken while drilling the treated sced. The sur- 
face exposed where friction may develop is much ieas in this type of feed) mecasn~ 
ism. 


Various expériments have been conducted to determine the nature of 
this injury. The first test made was one ene et from concrete experiments and 
ig Imown as the “slump test." It would appear that if the coating of copper car- 
bourte on the whent seed created friction, this fuct would exhibit itself in a 
measureable way in the slump test. Accordingly a tin frustrum of a cone was 
mode having these dimensions, 13 inches high, 4 inches across the top opening, 
snd 8 inches across the bottom. The wheat to be tested was poured slowly into 
the cone amd tempcd down with @ duartcr-inch iron rod. The Seeds Gvidence of a 
difference occurred during this tamping. In the untreated eat the rod could 
rather ensily be thrust to the bottom of the cone seach ave even when it was. 
completely filled with whert. Under the same conditions with the copper-carbon- 
ate-treated seed it was difficult te force the rod more than a few inches into 
the wheat after the first few tampings. ‘The cone was carcfully filled to the 
top and leveled off with a streight-edge. Aftcr this the cone was lifted by 
hend but always by the same person and with, as neur os possible, the same speed, 
since it was found that when the cone is lifted quickly the results are somewhat 
diffcrent. In cvery case Michikoff wheat was used, though it was found that a 
@iffertnt varicty makes little difference in tae.results. 


Tae date indicates that “wnder dry ee eny 
carvonate on the surface of the wheat increases the fri Prom hese tO Lae 
per cent. Copper stearate, on the other hand, is apparcatly more olly and only 
jnercasce the friction a little more than 16 per cent. The additicn of tale to 


+ 


the commercial copper carbonate reduced the friction about le per cent. 


oresence of copper 
L 


Further laboratory tests were made to measure the Wes necded to sow 
treated and untreated wheat, but with clectrical apperatus no nstaent differ 
ences could be measured. When the treated sced was Lert star ce Bee ees Can Lb 
for 24 hours or longer, we could prove no evident inercase in the DGWGr: NCGded'. 
These experiments indicate that while tht wheat is dry the epplicatien or. cop= 
per carbonate does not increase the friction suffi iciently to cause injury to 


Tite wer. 


Pai | 


ERS hs he 
ee ae 9 rh 
bl ee + ; ig nike me vn Ay it) 


A hd j ’ "a 
ah all ch HY ry a is Foy HP Aims oh ie Ky) ah 4 


Y ’ \ 
‘ ¥ WL or fet ae ‘ H 
peng wey { Wi FN iy RCRA +) Woe 
i oe ; ‘ i ey ‘7 i i r Me ’ Me? pte pi o a j ¢!s 
eh erie Bay thie MeL SW mr ees MAL Tes 
my at en ek i} tay aif ay { 9 - oT oe 
Niro ve neeey Sa eb de sy ip F i ; eer eer ni j Me ae p>) pu by Ty 
j ‘ NORE Cuan Siri 2 ‘ bs " 
‘ Vie Cue ico YER » Wy ke ’ rp 
: ¢ ! Ua i ge 5 { 
bi "ee melt ir, iif ; ‘ 
q Ah z wy y ri) 
: r Wide ¢ Veae $51 . : A 
a ‘ 
Fc? i Bs PE nl ; 
" J i A i H 
4 hs Apa Op Os © aby ah yy a 
ie ie. hh < | ae ’ ' . : i 
+ 5 ae et, NE sa 1a a hi aR) tL, Pr Wa? | ante Ms ewe , i A 
‘ “ { : 1 y ‘¥ hms 
4 y wae gi At ars ' i = ‘ >, : Pe “ i FAL y wos i CO Aaa POAROL ae 
SRE sy ye) ye bah " A J ; : (K i j a" ‘a Tt) we i “Won ff; wie : i 
A Pe) D2 Y y : Ay tna : i 1b 
2 i ae te i ‘ j t $y % Dy td Ae sig y, aM: » , 
t 
‘ " ‘ . ‘ ‘ - i 2 ve Di ‘ 
‘ Ady i “ene \ ‘ bs ee » 4 ; mit ge ff . ashe ye t ta AN, lt} 4, 
x‘ f An iY C f Ms 
Dah eee a y : } A Ba aia AG 
i Nye te A ; “4 ag 4 rf are -* y iv ’ ‘p 
, TVs j y MA Pe ne 
’ a: Sah 5 5 ATR ANTS 


~28- 


Further expcriments conducted this fall by three Purdue University 
seniors, have shown quite conclusively that moisture is the essential factor in 
causing injury to drills. When wheat was treated with copper carbonate and sowed 
immediately, there were no signs of a dangerous increase in power needed to turn 
the drill, but when this same wheat was left standing in the drill over night, 
after having been run through the drill the previous day, it was very difficult 
to loosen the feed wheels. 


All the experimental evidence and the observationgof farmers who ex= 
perienced this trouble, indicate that the breaking of drills is associated with 
moisture. It is probable that treated wheat will cause no injury if sown im- 
mediately after being put in the drill, even though the weather is wet. 


If the treated wheat is left over night or longer in the drill during 
wet weather, it will be necessary to tap the feed wheels to loosen any cement= 
ing action which may have occurred. Furthermore, the drill should be worked 
back and forth until the feed gears work freely, or the sudden excessive power 
needed may break some part. 


~— = oe Tellme ll rrr rT Tl OOOO 


In the general discussion which followed this paper, representatives 
of the companics manufacturing dust participated. It was the fceling of those 
present that the matter of drill injury was only an incident in the development 
of the copper carbonats treatment, and that this injury would, in vimey vereir 
cumvented. 4 was evident that all present were convinced that copper carbon= 
ate has come to stay. 


While disucssing some of the difficulties commected with promoting 
the treatment, the matter of damege which might result from accidental sale of 
grain treated with copper-carbonats dust to mills arose. 
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iffect of Copper Carbonate on the Milling Quality of Treatcd Wheat 


ee ae meet me if Senne en) AES Te pe ees oy mn Oe Al heme Re Re ee ape - ee ee sap rns stesiaes aiid tint a Faxssesevinaeibesiabs Faphaesal 


By ds He ohollenberger, Milling and Baking 
Loooretory, Burcad of Aericultural 
Eeonomics, U. S. Department. of Agriculture 


To determine the effect of copper Bre anta dust on the milling quality 
of wheat, two types of copper carbonate were used, namely, a pure basic copper 
carbonate containing 52-65 per cent of metallic copper and a dilute or "extended" 
form containing about 18-20 per cent of copper. ‘These materials were applied in 
two ways, by the use of a commercial mixer and by the use of a home-made barrel 
mixer. In each instance approximately 2 ounces of copper carbonate were applied 
to eéach bushel of wheat. Tlie samples thus treated wore then compared with 
sample of the same wheat untreated. Mr. J. R. Lintner, County Agent of Leesburg, 
Vae, furnished the wheat and applied the treatment to.the samples used in this cx- 
periment . 


The two seed lots treated by means of the commercial mixer had a greener 
appcarance or kernel than did the two lots treated with the barrel mixer, indi- 
cating thereby that more of the copper carbonate adhered to the wheat kernel. 

This was particularly true of the seed treated with pure copper carbonate. 


Before milling, these samples were run first through a milling separa- 
tor and then through a scourer. In treating the samples in this manner they were 
subjected to about the same kind and amount of cleaning that is 2xccorded to 
wheat in commercial milling practice in its preparation for milling. The separa- 
tor removed from the treated samples the loose copper carbonate and some that had 

adhered to the surface of the kernel, but not sufficiently to conceal the fact 
that they had been treated. The scourer brightened the treated grain considerably 
so that it was somewhat difficult to distinguish between it and the untreated 


When milled, the flours from the treated samoles had a slightly green- 
ish unnatural OE es and were lacking in creaminess of color characteristic 
of the flour from the untreated wheat. This was most pronounced in the flour 
from the sample treated with the pure copper carbonate apolicd with the com 
mercial mixer, which scems to have made a more thorough apylicetion of the dust, 
causing it-to be herder to remove by scouring. 


The effect of the various. trentments on baking quality are indicated 
Dy the results presented in the accompanying table. It will be noted from these 
resuits that the quality was materially affected, perticularly in loaf volume and 
PoeCoOLOr end texture of ecru Instead of the Sense crcamy appcarance present 
in the bread made from the feet milled from the untreated wheat, the bread made 
trom the treated wheats hod a greenish appearance, faint for the two barrel- 
Maxed wicaid, but very distinct for the other +0 « In loar volume the treated 
samples ronged from 140 to 540 cubic centimeters less than the untreated samples. 
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A similar reduction in color and texture of crumb was likewise noticeable in the 

8 treated wheats. In each of these three important quality factors, the sample 
treated with the pure copper carbonate in the commercial mixer gave him the lows 
est results. 


Baking Results from Wheats Treated with Copper Carbonate 


er ree rer cn PR a eR IN 


Type of copper: Type of Odor in :Water aob-: Volume ;:Color of : Texture of 


carbonate used: Mixer Used Flour & :sorption ‘ Oreoat osrenumy : erurmb 
: eR sin brec 10d flours: peat. :(score) :\) becope Nees 

Untreated Untreated pied 5306 PoE RS, ekirys 90.5 

Dilute(20f-) Commercial cua 55.6 1640 84,5 Foun 

4 Barrel petra Dead L770 ; 85.8 i bee 

Pure (52% ) Commercial Paecoely Sreree 1370 68.5 ye 

iS Barrel LN se Boe O 1590 SY .0 : ie) 


en en ne ne Re mR te a 


The greenish tint noticeable in the bread made from the treated samples 
indicated the presence of copper carbonate in the flour. ater its presence was 
verified by qualatative chemical analyses made by the Chemical Resegrch Laboratory 
of the Grain Division, Bureau of Agricultural Economics. 


These results indicate, not only that the milling and baking qualities 
of wheat treated with copper carbonate are seriously injured, but also condem 
the use of such wheats for human consumption. Therefore, treated wheat should be 
used only for seeding purposes. 
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The talk now turned to methods of introducing the treatment on the farm, 
8 papers being read by R. S. Kirby, R. A. Jehle and G. Le Zundel. These three, with 
statements prepared by W. W. Mackie of California, and C. HE. Graves, Extension 
Plant Pathologist, Kansas State Agricultural. College, are given below: 


/ Methods of Applying Copper Carbonate Dust and Results from 


ee ne er ee an 


‘hese Applications 
By We W. Mackie, University of California, 
Berkeley, California 


Copper carbonate dust as a practical effective fungicide for the con- 
trol of bunt has been accepted everywhere but the methods for applying the dust 
vary considerably. Many of the common methods employed will be discussed. 


; The shovel method of mixing the seed and dust was early abandoned ve~ 
cause of excessive waste of dust, inefficient mixing with resulting inefficiency 
in bunt control and injurious effects upon the person performing the task. 


The barrel churn mixer or the small concrete mixer either in the home 
made or wanufactured form, has been used effectively especially for small lots 
of geed. This type is perhaps the best form for use at experiment stations where 
freedom from mixtures in sced is necessary. The box type ( 3,1) has on many 
farms been used because it can be made by any one handy with tools. The defects 
of both the barrel churn and box types include (a) loss of time in charging and 
discharging the container, (b) loss of dust and consequent excessive inhalation 
by the operator, (c) low outturn ver hour, and (d) inefficienty in mixing seed 
and dust usually duc to too rapid turning which establishes a practically motion= 
less mass of seed in the center of the receptacle. By placing the axis diagonal- 
ly across the barrél;or box, a splashing motion back and forth is established 
Causing a thorough mixture which is absolutely essential for the success of the 
copper carbonate. The other defects appear impossible to remedy. 


Continuous Treating Machines 


Very early in the use of copper carbonate dust (1), continuous intake 
and discharge mixers received the attention of ranchers and others who had large 
quantities of sced to treat. The first types consisted mainly of spiral elevators 
into which dust was automatically injected. Many of these home-made machines are 
still in operation, but the bettcr manufactured types are replacing them due to 
superiority in mixing and less loss of dust. The continuous mixer in all the 
types now on the market do not thoroughly discharge the seed. This retention of 
seed is the cause of sced mixtures when passing from one variety to another. 
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The gravity, or baffle (4), type of machine appears to be a good sta~ 
e tionary type and has proven satisfactory especially in treating recleaned secd 
ag fast as it emerges from the cleaners. Its capacity is large, little or no 
dust escapes and the mixing is satisfactory. The greatest objection lies vin the 
failure of all of the seed to pass out of the machine while in opcration. This 
objection has becn overcome by replacing the slanting wooden baffles with smooth 
metal ones and by rounding out the angles. 
Custom trcating of seed is practiced with groct success and is respon- 
sible for a vory accided increase in thc amount of seed treated. Two methods 
are employed, (a) the community itincrant plan where the outfit is owned by the 
farmers of the community and a regular charge made per oe with rebates or addi- 
tional charges as shown by the books at the end of tne season. One community in 
California has made a profit charging only Ge.o5 per he including the cost of 
the et carbenate.e Another privately-operated outfit was successful when 
charging $2.50 per ee for the service. With both concerns the complete outfit 
travels to the farmers granary, remeves end treats the sced, resacks end ren 
t4urns it to the graacry.e This work is best done soon after harvest when the 
2. weather is favorable. tet: treated seed is not attacked by ordinary grain ina- 
sects or mice as has be shown elsewhere by the author (5,6). Good treated gecd 
may therefore be held saf ely in storage for & year or more.’ 


Effect of Dusted Seed on Passage Through the Drill 


The adhesive quality of copper carbonate dust very markedly retards the 
passage of secd through the drill. In order tc sow the proper quant jibe iot seed 
per acre, the measure of retardation should be known. An example of this is seen 
4n the following figures prepared by Professor He J. Stirniman, of Agricultural 
Engineci ring Laboratory at Davis. Secd of Hard Foderation, a short-kerneled 
variety and Baart, o very long-kerneled varicty, were treated with copper care 
bonatc at the rate of two ounccs per bushel and passed through a regular size 
6-foot Kentucky grain drill with the following sowing in pounds of seed per Acree 
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The average retardation for Hard Pedcration was 20.7 per cent and for 
Baar Ose6 PEr’ cout. 


It is very evident from these figures, first, that there is no prac@- 
tical difference in the rate of retardation whether large or small saehade of 
eed are gown per acre, and, second, that retardation is markedly less for small 
seeded varicticse 


Effect of Copper Carbonate Upon Smut Control and Yicld 


Each yeor at Davis the standard formulas (1) for chemical control of 
gmut are demonstrated in ficld plots. The results for the 1926 crop are as fol- 
lows. Hard Pederation wheat was first inoculated with viable bunt spores et the 
rate of one part of spores to 1,000 parts of sted by weight. Tennessec Winter 
barley wag heavily inoculated (the secd blackened) with viable spores of covercd 
smut of barley. Portions of the sced wheat and barley were then treated ac- 
cording to the best accepted stcndard seed treatment methods as shown in Table &. 
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: Smut : Yields in 
TREATMENT 3 Attack : Bushels per 
so or Welly “ Acre 
BARD FEDERATION WHEAT : ; 
Smutted 1 to 1,000 but not treated : 48 45 : 1967 
Formaldchyde 1 pt to 40 gal. water 15 min. : 0.0 : lel 
Biuestone (1) 1b.) to.4 gol.) Simin. plus $ ; 
Lime (1 to 8) 5 min. : Ca ‘ L507 
Copper Carbonate 2 ounces per bushel : Bel ; 5067 
TENNESSEE WINTER BARLEY H : 
Smatted Heavily (blackened) : Trnee : 40.6 
Formidchyde 1 pt. to 40 gal. water 15 min. : : 40.7 
Bluestone {1 lb. to 4 gals}oS min. plus : : 
Lime (1 to 8) 5 min. : YH: : Ole 
Copper Carbonate 3 ounces per bushel : i : 61.6 
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he dosages of smut on both barley and wheat were very excessive and not 
likely to be duplicated on farms in general. Bunt was controlled satisfactorily 
but the barley smut behaved as usual for buch experiments, giving no attack al- 
though every precaution was taken to secure viable spores and conditions satis= 
factory for the growth of this smut. 


The effect of the formaldehyde on the wheat seed (1) wae very destructive 
resulting in a poor stand with delayed germination and growth as compared with 
the check plote The bluestone=lime treatment caused delaycd germination and 
growth, but gave practically the samo stand ag the check plot. The copper car= 
bonate-treated secd germinated promptly and appeared to be three days ahead of 
the e@heck plot and two weeks ahead of the formaldchyde-trcated plots. The stand 
was superior to the check. At harvest the copper-carbonate-treated plots 
matured carlier and yiclded seven bushcls por acre imore than the next best plot 
(blue-lime.) Smut attack, of course, reduced the check plot yield. 


The behavior of barley under various forms of secd treatment showed no 
marked difference in stand or early germination and growth. Only a few heads of 
smut appeared. The viclds, however, showed that the copper carbonate~treated 
secd yiclded 10.4 bushels per acre more than the nearest competitor, the blue- 
stone-lime plots, os was the case with the wheat. 
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Stylcs of Homemade Machines 
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By Re Se Kirby, Extcnsion Plant Pathologist, 
rennsyvivani2 Stave. College 


To be practical, any type of homemade treating device must, so far as 
is possible, be simple, cheap, durable, dugt-tight and thoroughly efficient. 
“och of the many types of machines in usc have attempted to fill these require= 
ments as far as experience and materials allowed. Answers to a questionaire son 
out to the States using the dry copper carbonate for wheat treating, showcd the 
following facts. 
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Batch mixers of either the dicgonal or horizontal axis are universally 
recomaended. Wine out of every ten states recommended that a wooden barrel or 
stocl drum be used instead of 2 box container, since the box is the least cure 
eble and is the hardest to make and keep dust-tight. The States are about 
equally divided in @pinion as to whether the azle should go diagonally or hori- 
gzontelly through the conter of the container. It is geners lly recommendcd that 
a mixing or baffle board placed in the containcr will inercoass the efficiency of 
the treatment. Nearly one=half of the States recommend thet a cement mixer or 
tumble butter churn be used where available. 


‘The old tumble buttor churn when supplicd with one or two cxtra baffle 
boards is cfficient, durable and GOSt-elene » put hos the drawbacks of small 
capacity and morc werk per bushel of wheat trectca. A cement mixer, when sup= 
plied with larger supplementary paddles and a tight cover, has the Lavontoges 

of large capacity ond power operation, but has the disadvantages Of. often 7ail= 
ine to treat the wheat as thoroughly as the specially designed types, ond of al- 
lowing considerable dust to escape, thus often causing severe sickness of £ the 
operators. 


The diagonal axle type of m.chine secms to sive the wheat a more even 


coating of dust but turns slightly harder than tne hor izontel axle types. Of 
this type opinion is divided as to the use of & woo den barrel or a steel oil 


ee 

drume In most cascs the availability of either type of container ims 36 determine 
which will be usede The stcel drum requires more work with steel espec LAU Ly. 
whore the axle is welded in. On the other hand, the stcel outfit is more Gus 
able, lighter in weight, and often more nearly dust-tight. In Pennsylvania a 
consideration of the various ee of mechines resulted in the universal adop- 
tion of the diagonsl axle steel drum type of treating machine. Nearly 500 of 
this type of treating drums have bcen constructed during the past two years, ot 
an average cost of abcut $3.50 each. 


Any treating container shoulda have a capacity of at least three times 
the volume of wheat to be treated in each batch, if efficient treating is Uo be 
done. Where the container ig rotated by hand, grewors scldom treat over one 
bushel at a time, For treating this amount of whicat, a 30-gallon container ap= 
pears to be the most officicnt. Where the outfit is power-driven, the size of 
the containcr may be increased up to several hundred sallons with proportionate 
inereeses in the amount of wheat that can be treated. 


Mie first step in any treating operation appears to be the removal of 
the smut ballse Otherwisc, the most efficient treater will fe il to control the 
smute Treated wheat runs herder through the drill, thus causing most of the 
samt balls to be broken. The spores thus libersted from the smut balls, often 
reach the bottom of the drill row without coming in contact with the copper car- 
ponatc dust and mey couse considerable infection. 


Failure to remove the smut balls before treating, in. Oath, Gage 6 0= 
served, increased the amount of smut in the succccding crop from ten to tiventy 


timese 
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Commercial Mecuines for the Application of Copper Carbonate 


to Cereals 
By G L. Zundel, formerly Extension Plant 
Pathologist, State College of Washington 


As soon as it was demonstrated that copper carbonate was a satisfactory 
fungicide for the control of punt in wheat, tne next problem +0 be solved was to 
find a satisfactory means of applying the powder to the wheat. 

In 1922 the first machine for the application of copper carbonate to 
wheat was designed by the Bxperiment Station of the State College of Washington. 
This machine could be buils by any farmer ab a very low price. It consisted of 
(1) a wooden freme for support, (2) a cylindrical drum ¢l inches in diameter and 
6 inches long; and (&) a shaft passing end to end through the middle of the 
drum with a cogwheel on the outside at one end, which connects with another 
cogwheel attached to a crank. he ratio of the cogs on the drum wheel and the 
cog attached to tie crank is one to four; (4) Three buffer mixers within the 
érum; (5) a slide door cut through the curved suriace of the drum by means of 
which access may pe had to the inside. The machine is 5# feet high. 


This machine was soon manufactured py the iron works located at Colfax, 
Washington, and Walla Walla, Washington. Later.the Calkins Machine Company 
and the Walla Walla Iron Works manufactured the first really commercial machines 
which were built on the general principles of the State College machine. Both 
commercial mechines have self feeders for wheat and copper carbonate, and each 
Have their different appliunces to keep down the dust of the copper carbonate. 
The Walla Walle machine differs from the Calkins machine in that the revolving 
drum works inside of a stationary drum. Both machines are giving very satis- 
factory service, and are manufactured in several aifferent sizes. The larger 
machines are run with electric power or py gasoline engines. 
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ietaod Demonstrations on the Gonvrol of Stinking Srut of Wheat 


Fn am ee te mm ne ee ee ee me ee a ee em me eee ee ee 


with Copper Carbonate Tust 


Bon. Av wehle, Specialist in Pathology, 
University of Maryland 


During the sveson of 1926, 73 method demonstrations on the control of 
Stinking smut by treating wheat with copper carbonate dust were conducted in 
Maryland. These demonstrations were conducted jointly by the specialists in 
antnology end agronomy, and the county sgents. 


Cag 


homemade machine was designed from a 30 to 40 gallon coca-cola barre 
and material wiich could be obtained in eny herdware store. This machine was 
eoustructed so thet it could be taxen apart and placed in the back seat of a 
tOuning cor. his machine, together with dust and literature on seed treat- 
ment, was taxen by the specinlists to the mectings. At each stop the construc- 
tion of the mechine was explained and severnl bushels of whenst were treated. 
The attendance veried uccording to the amount of smut in the neighborhood, the 
extent to which the meeting was advertised, etc. Sometimes only three or four 
intecrested farmers attended, wnile at other meetings tnere were 50 or more. As 
2 result of these mectings, 98 barrels were known to have been constructed, 
7,455 pounds of copper carbonate dust were used, and 45,050 bushels of secd whent 
were treated. 


Control of Stinking Simt - Lectures at Meetings ond 


ee me a me re ae meme carte ee nee er et ae 


Agri cul furs <1 reins 


By C. HE. Graves, Extension Plant Pathologist 
Kansas State Agricultural College 


The one reel tundemental principle undcriying Agriculture] Extension 
work is rural education. To me this means that we have a bigger job in this 
punt-control program than just teaching farmers how to treat seed wneat. It 
means that besides demonstrating the method we should teach some facts concern- 
ing the life history of tne bunt orgenism if the farmer is to progress in his 


own thinking and if we ere to accomplish our purpose as extension workers. 
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It is fairly easy to attract the interest of any group of people when we 
Gemonstrate how to do anything. However most folks are too "lrzy-minded" to 
eare much about the why of things. Yet, if the farmers’ kmowlcdge of bunt-con- 


a 


trol is to increcse to a point where he most intelligently applies the practice, 
he should know something about what he is working with, where it lives, 


oe 


when it attacks the wheat plent, and why bunt is more prevalent some sesson: 


—— 


then others. 


A knowledge of only how to trent seed wheat often works out disestrously 
in a bunt-control program. For example, 100 farmers mcey attend c secd-treating 
demonstration. We will take it for granted that ca number of them go home and 
treat their seed whent ex.ctly as they have been shown. But during this particu- 
ler se:.son environmental fectors are such that infection is light. At hervest 
these farmers observe that there is not a great deal more bunt in the fields 
planted with untreated seed than in the fields planted with treated seed. 


Unless these men heve lesrned why this came about, they «re apt to scem 
rather unreasonable the next time the extension plant pathologist returns to that 
community. Therein lies the importence of « good, clear discussion on the bunt 
orgenism, its dissemination, life history, and cspecially the onvironmentsl fac- 
tors which more or less govern its development. 


The discussion itsclf must be simple and in torms thut the farmer con 
easily understand. If the points mede are not understood clearly the farmer 
leaves the meeting with only hazy ideas and perhaps with some wrong impressions. 


In using examples for compeérison we must use instances vhich are fomiliar 
to the farmer. I know from experience thet it is easier to sry "use simple terms” 
than it-is to think of simple terms to use. I am going to tell you some of the 
terms that I used lnxst summer at farmers' meetings and on our two Whect Trains 
which were attended by 158,000 people of =11l uges and degrees of intelligence. 
These examples my seom crude, but they convey the idea. 


First, there is the term "spore."' Few farmers are acquiinted with this 
term, but if one is to get them thinking intelligently about bunt control they 
should have « definite conception of the spore's function in the life history of 
the bunt organism. 


I like to speak of “smut spores'"' as "smut gorms," because the word "germ" 
Bb Es > oO 

is’ ome with which they are familiar. It also sends home the idea thit we sre 

telking about a disonse and not something ceused by the weather. 


I believe it pays to tnke time to explain that this particular type of 
germ is one we call « spore. I do this because [ hope that some day we may use 
this term and many others and know thet we are better understood than we now 
are when we use simple terms. 


It is « little more difficult to explain how the orgenism lives as « para- 
site in the wheat plant. The term "pcrasite” is not clearly understood by the 
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most people. Nearly every fermer hes had experience with intestinal worms in 
® swine. They know that these worms get their nourishment from the pig. I often 
compare the plant parasite inside the wheat plant with the animal paresite in 
the pig. This illustration is probably far-fetched, but it conveys the idea 

Of partsitism fairly well. 


The hardest job of all is %o explain the environmental factors and 
weir relation to spore germination. If the discussion is not clearly under- 
scood the farmer is apt to turn to his neighbor and say, "Well, it's all in the 
weather after all." : 


Most farmers have had experience with an incubator and the hatching of 
eggs. They kmow that if temperature and moisture conditions are not right, 
many of the germs in the eggs do not develop. I tell them that these snmt 
wectms" must have oc cool, moist environment if they are to develop just as the 
germs in the eggs in the incubator must have a warm, moist environment if they 
are to develop. You can alwsys see the faces in the audience light up with un- 
derstanding after this explenation. Almost invariably some one will make the 


statement that his experience coincides with whet has been said. Last summer 
on our Wheat Trains many farmers stated that they had observed considerably 
more bunt in fields planted about the time of e cold rein they had about the 
first of October. Fields plented earlier were not so badly infected. 

Another important part in the discussion of bunt~control is the bring- 
ing in of locsl demonstrations. In nearly every community someone has had ‘a suc- 
cessful experience with seed treatment. It adds local color to give the man's 
heme end his experience. Also the crowd hus more confidence in an example of 
bunt control when taken from the local community. 

OUD See ech ines aud tust 
In preperation for this meeting DL. E. Stephens, Agronomist ond Supe r- 
intendent of the Experiment Stetion at Moro, Oregon, rendered valuable service 
in collecting Gata with reference to machines which have been put on the market 
for use in treating seed with copper carbonate. This list cnd a list of com- 
; panies manufacturing copper carbonate dust are ss follows; 
(fhe inclusion of names in this list implies no endorsement 
by the Department of Agriculture or any of the Stnte Agri- 
@ cultural Colleges represented ct this meeting, nor is an} 
Giscrinination intended if the name of nny firm has been 
omitted) 


Bat 


: bs r 13 ni i . iy 
oe do ar gars vith re in 
hl is sie OR aalonn ha ma ei 


é is : Pee 
5 ; } as La iiaie (A y Ae bi rs qe a Tat aa 7, Ya 
ats Bhd Wan vane ries | ie era cae ne 5 
Ee ata MONEE A a TAN SOMA ELAN RDA ry ih ete Se 
_ $ pI ; ‘ | he ‘ if i" a Oh % my a tens ie), ’ 
SRRRR at Pe Ae Ay) ies | hy ped " / TAM ne ny * a 
. sacha +e we path saat a ? y ov ee Yd a) ail Me 
‘ ¥ Prat v, Newel Nib Cb aehiesi } Paaie ” MP /e0 ul it uo a fal SR Car “et 3, 
: " es ¥ ts) im sia i sien oy we a 4 ; ae Vins ‘ . : veh, ~ tt Slee ie ‘ ws 
; Me BH URTV Candi tien "i. Oe Ni EL Oa rN 
Me y f i - SY rity Ae 4; ; » = ny er sy ene i. ee ory 
‘iene edd Vite. y : ; : OT : , 4 ‘ 
q , baie. . i ¥ ? ai 
i ee Pe i { 7 ‘ i 1y rhe J 
8 X 1 ' i} 4 y iy] by : 7 g é 
' io , gy te 4 “4 0 Ry ty t ay cg arp ED | 
¥ 5 i - 7 + al ) f 1 
1 Ae Ri i) viRy? y) pala Phe abe o14 7 AT . SEN 7 ee 4 
a | ad i a Aba A Os i a i. iin iia pas hre ot Nees ie] ok wAgia Sveu a0 t n y Cf mee! . ba vm /X cae ; Dan a ' 
ae bit y) f ve B} NR) Pils \ : f ; I id ‘ Ba fe 
fae fe SATA CS Pies, ) sai, tine Pa 4k 254 aie PL eS ee ) Cee: a aie: Sal ra 
Sy Y byt at i , Vs i, n wu bi . e ? , ‘ ; : 8 o Bua) ¢ 
Ba ih. he Ie | Xyainis Mp te BRS ECA. ol ARE) ARE EDR ht hase vith i. re ag fats Leet ‘sh ils ae ae 
an Meee evens Wye CD ee Ee De UT Oe ares era or y 7 weecamie aor Cae oe We 
; De ine pe mane Orb haa es Ay dae Ae aves ne Sue was biel a Sd Bes 
Bit <3 Fi SUMMER ODOR”? lig VTP) dda. Gereck. Oey (2 Rae eeban & 1 ia ilps" Bs Ritiile of) belttes 
7 call ‘ ( j J \' NOAA : . t ape } a A Losey i es 4 \ j Pw : ‘ 
AP ite nk ay hy | oy are) ‘areas ay i! ‘ Le, hy Tg AG ) PN if. ie ay Ot a ay 4 ae oh } 0, UG! 
A P| y Ww 7) ¥, 1 he ; 5 vee ee f.) a 
ree / 7 ’ 
, ‘ ‘id if Ate 7 (‘| ‘ih. ee heal U sai A es! wii? ney i raya Se Ni wer et yrs, Tse A yy. 
WM ; o me) 9 ‘ns ‘ \ , ah ie 4 Mea, ” a) iy i * 
" eG Mh BORRESY MYIKE So EAD hh AWE b's Fae ine SIO eines vl Roy ba cane pues 


es ae ie iene ‘ai tee, OS ct eve _ Fay, me oC igi ' ya: Bu) i , ay eae tag hd es 4 eh frais oe A 


i es thet. ine ¥ iy if ae 4 ’ Ls wy asd ‘ te “eri MH As, br. N hy wt OR Ge. hat oH Heo vt es : ty ‘fe iy 6 A, ' « 
E ; , 5 li ? , 
a P , T* ; 


UE eS ea ae i ae i ROT Pa denies Le CaaS ah ath 


ye 


em ; te 
! Ny 1 é 7 ; b a ~ ab om r bd 
9 i) i t # I 
) A : ‘ 
‘ ’ \ an hy 
‘ ne 
tt ey i - } } ayn 
¥ ‘ i {fr ; a (ang “ wie \ 
On Si eM Piva i Tero Canan. hy iia en i a is Bee 
py Wet i i : 
i , ' " : 7 
: : f i 
i€ i t ah / is 
ie de ) \. 5 ate iilig iy, 
Pe PAP Ty Tin At alee 
mee : Peat ; it / ae | 
Fi a en | nf ay Gs it PG 
+ pry , y ‘) eek 
- hme butte 
gies LFF IT tite, } 
- ‘ " 
‘ ane = oa i rh he 
i y * ei! 
7 ” "yf f tw 
+ le : j j 
; ‘ ¢ ri 
2 ot ¢ iy } 
f ire fap 
r i as i Ky 
. _/ . a +n hf a rig) : 
! { 


a he econ ay ue ay weit ib es nes * 


rary 


Dusting Machine Manufacturers 


Gibson Warehouse Company, 
Madera, California. 


Mescrein Pickier Co., Lid 
Regina, Sask. Canada. 


Calkins Machine Company, 
spokane, Washington. 


Lindsey Brothers, 
Minneapolis, linn. 


Mr. Frederick Steigmeyer 
Boston Lund Co., 
Westhaven, California. 


Owens Manufacturing Co., 
Iiimneapolis, Minn. 


schmeiser Manufacturing Co., 
Davis California. 


Twin City Separctor Company, 
Ininneapolis, ifinn. 


Copper-carbonste Dust 


otsuffer Chemical Compeny, 
624 California St., 
wen Francisco, Cal. 


Nichols Copper Co., 
Pusoroag Gt. , 
New Pork, NeiX. 


Nitrate Agencies, 
Bayonne, N. d. 


lust Spray Manufacturing Co., 


= 


Lee West 9th St., 
ial 


Walla Walla Iron Works, 
Wella VYalla, Vashington. 


Ritzville, \ashington. 


Standard Fanning Mill Co., 


ba Oe 


liinneapolis, Minn. 


Carter Mayhew lianufacturing Co., 
665-19th Avenue, N.B., 
Minneapolis, liinn. 


Link Belt Mamfacturing Co., 
Fargo, North Dakotc. 


American Grain Separator Co., 
Erie and Essex Sis.) 5. Bs 
Kinneapolis, Minn. 


+! 
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Ferm Tachinery Seales Co.,; 
spokane, Washington. 


hianufacturers 


Ewing Fox Company, 
6 & Rider Ave., 
New York, New Tork. 
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California Chemical Spray Co., 
Watsonville, Cal. 

Mountein Copper Co., Ltd 

doe Pine St. 

cen Franc cisco, Cals 


Pittsourgh Plate Glass Co., 


[iilwauxee, Wis. 
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